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SUMMARY 

The steady-state over-all performance characteristics of the J65-B3 
turbojet engine were determined in an altitude test chamber for four 
exhaust -nozzle areas at Reynolds number indices of 0.8, 0.4, and 0.2. 

This range of Reynolds number indices corresponds to a range of altitudes 
from about sea level to 51,500 feet at a flight Mach number of 0,8. 

Generalized data are presented to allow calculation of engine per- 
formance at any flight condition corresponding to a Reynolds number index 
within the range investigated. Engine performance calculated from these 
generalized data is presented for seven altitudes over a range of flight 
speeds from zero to about 1100 Imots . 

The use of an exhaust nozzle sized to give rated performance at sea 
level would permit operation near the point of minimum specific fuel con- 
sumption for a wide range of flight conditions and engine speeds. 


INTRODUCTION 

The performance characteristics of the J65-B3 tirrbojet engine were 
determined in an altitude test chamber at the NACA Lewis laboratory at 
the request of the Air Research and Development Command, U. S. Air Force. 
Preliminary altitude performance data with the rated exhaust -nozzle area, 
together with the operational limits and windmilling and starting char- 
acteristics of the engine, are contained in reference 1. The component 
performance of the engine is presented in reference 2, and the rotating- 
stall and blade -vibration characteristics of the compressor are reported 
in reference 3 . 



2 


MCA EM SE55C08 


The present repoii: summarizes the over-all peii'ormance of the engine 
hy presenting performance for a range of exhaust -nozzle areas, altitudes, 
and flight Mach numbers. Data are presented in terms of conventional 
generalized parameters for a range of corrected engine speeds from 6700 
to 9200 rpm, Reynolds number Indices from 0.8 to 0.2, and exhaust -nozzle 
areas from 1.90 to 2.51 square feet. These data permit calculation of 
perfomnance at any operating condition where sonic (choked) flow exists 
in the exhaust nozzle. Over-all engine performance maps are presented 
for a flight Mach number of 0.7 at altitudes of 15,000, 35,000, and 
50,000 feet. In addition, the altitude performance of the engine, cal- 
culated from generalized data for the rated exhaust nozzle (l.97 sq ft), 
is presented for a range of altitudes from sea level to 55,000 feet, 
flight speeds from zero to 1100 knots, and engine speeds from 7000 to 
8300 rpm. The data are presented in both graphical and tabular form. 


APPARATUS 

Engine 

The J65-B3 turbojet engine (fig. l) has a 13-stage axial-flow com- 
pressor, an annular prevaporizing-type combustion chamber, and a two- 
stage turbine. At military rated conditions, the engine speed is 8300 
rpm and the turbine -discharge temperature is 1166^ F. At sea-level static 
conditions with no compress or- inlet screen, the engine has a guaranteed 
thrust of 7220 pounds and specific fuel consumption of 0.92. The sea- 
level, static, rated air flow of the engine is approximately 118 pounds 

5 

per second. The engine is 87-^ inches long from the conmress or- inlet 

o 3 

flange to the turbine exit and has a maximum diameter of 37-j inches. 

The engine dry weight is 2785 pounds. The fuel used throughout this 
investigation was MIL-F-5624A, grade JP-4. 


Installation 

The engine was installed in an altitude test chamber as shown in 
figure 1. A bulkhead with a labyrinth seal around the front of the en- 
gine (fig. 2) was used to allow independent control of inlet and exhaust 
pressures. The laboratory air systems supplied combustion air to the 
engine and removed the exhaust gases . The engine was mounted on a thrust 
platform equipped with a null-type pneumatic balance. 


Inst rumentat ion 

The location and amount of instrumentation used during this inves- 
tigation are shown in figure 2. Total -pres sure and -tengierature probes 
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were located at the centers of eq-ual annular areas at various stations 
in the engine. Engine fuel flow was measured hy calibrated rotometers. 
All pressures were measured with manometers and recorded photographical3^ , 
Self-balancing potentiometers were used to record all temperatures. 


PROCEDURE 

With each of the fo\ir exhaust nozzles (l.90^ 1.97^ 2.07, and 2.51 
sq ft) investigated, the engine was operated at inlet conditions corres- 
ponding to Reynolds number indices of 0.8, 0.4, and 0.2. At each Reyn- 
olds number index, the ram pressure ratio (P2/PoJ close to the 

facility limit with the engine operating either at rated speed or limit- 
ing turbine -discharge temperature. The ram pressixre ratio was then held 
constant while engine speed was reduced. This procedure was used in 
order to maintain sonic flow in the exhaust nozzle over as wide an engine, 
speed range as possible. When the exhaust nozzle is fully choked, the 
pressures and temperatiares within the engine are independent of the am- 
pp 0 ss\rre. The symbols and methods of calculation used in this re- 
port are presented in appendixes A and B, respectively . 


RESULTS AJND DISCUSSION 

Performance data are presented in terms of generalized parameters 
to show the effects of Reynolds number and to allow calculation of per- 
formance at specific flight conditions . To summarize the performance of 
^]2is engine, performance maps were calculated from generalized data for 
the rated exhaust nozzle over a wide range of flight conditions. 

The exhaust -nozzle flow coefficients reported for this engine in 
reference 2 are essentially constant for nozzle pressure ratios in excess 
of 2.0. The corrected engine speed at which the exhaust -nozzle pressure 
ratio is equal to 2.0 is presented as a function of flight Mach number 
in figure 3 for the four exhaust nozzles investigated, (^eration above 
the line for each nozzle area (choked) indicates the region where the 
exhaust -nozzle pressure ratio is 2.0 or higher. 

The operational limits of the engine with the rated exhaust nozzle 
at a flight Mach number of 0.8 are reproduced from reference 1 in fig- 
ure 4. The operational Ihmits include the engine speed for limiting 
turbine -discharge temperature, "idle" throttle position, lean combustion 
blow-out, and windmilling as functions of altitude. It can be seen 
figure 4 that limiting turbine -discharge temperature occurred below rated 
engine speed for altitudes above 20,000 feet. The throttle position 
specified by the manufacturer as "idle" limited operation to altitudes 
below 67,000 feet. However, reductions in fuel flow below idle per- 
mitted steady-state operation up to a facility limit encountered at 



4 


MCA EM SE55C08 


75,000 feet. The shaded area super±n: 5 )osed on figure 4 illustrates the 
range of conditions over which performance can he calculated from the 
generalized data presented herein for the rated exhaust -nozzle area. 

The extent of this region is limited to altitudes below that correspond- 
ing to an inlet Reynolds number index of 0.2 and to engine speeds above 
that required to reach an exhaust -nozzle pressure ratio of 2.0. This 
shaded area covers the major portion of the practical operating condi- 
tions of the engine within the range of Reynolds number indices investi- 
gated. The nijmerical examples contained in appendix C illustrate calcu- 
lation procedures that may be used to obtain performance within the 
region where the exhaust -nozzle flow coefficient is constant. If per- 
formance data are required in the region where the exhaust -nozzle flow 
coefficient is not constant, the method reported in reference 4 may be 
used. 


Generalized Performance 


Air flow. - Corrected engine inlet air flow is presented as a func- 
tion of corrected engine speed in figure 5 for a range of Reynolds num- 
ber indices from 0.8 to 0.2 and exhaust-nozzle areas from 1.90 to 2.51 
square feet. Within the range of variables hicluded in this investiga- 
tion, no consistent variation of corrected air flow with either Reynolds 
number index or exhaust -nozzle area could be detected. At sea-level 
static and military rated conditions the air flow of the engine used for 
this investigation was about 4 percent higher than the manufacturer's 
specifications . 

Pumping characteristics . - The variation of engine total -pres sure 
ratio with corrected engine speed at a Reynolds number index of 0.4 is 
shown in figure 6 for the four exhaust nozzles investigated. Lines for 
exhaust -nozzle areas other than those included in this investigation 
and lines of constant engine temperature ratio have been cross-plotted 
onto this figure to facilitate calculation of engine performance at spe- 
cific flight conditions. An inlet Reynolds number index of 0.4 was se- 
lected for the presentation of these engine pun 5 )ing characteristics be- 
cause the widest range of corrected engine speeds was obtained at this 
condition. 


The effects of Reynolds number on engine pun^ping characteristics 
are shown in figure 7. In this figure engine total -pres sure and 
-teii 5 )erature ratios are divided by their respective values for the same 
corrected engine speed stnd exhaust— nozzle area at a Reynolds number 
index of 0.4. Although it is not generally possible to draw single 
curves to show Reynolds number effects on pumping characteristics, in 
this instance the variations with both corrected engine speed ^d exhaust - 
nozzle area were less than 1 percent from the mean. As Reynolds number 
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Index is decreased from 0.8 to 0.2 at a given corrected engiae speed and 
exhaust -nozzle area^ the engine total -pressure and -ten^erature ratios 
increased approx ima tely 4 and 8 percent^ respectively. 


Thrust . - As shown in reference 5, the jet tharust obtained from an 
engine with a choked exhaust nozzle can be correlated by the following 
relation: 


^j 


(r + i) 




i’9 - PO 


For nonafterbuming operation, the average value of (r + 
was found to be 1.26. 



The correlation of the jet thrust per unit of exhaust -nozzle area 
is presented in figure 8 for a range of Reynolds number indices from 
0.8 to 0.2 and exhaust -nozzle areas from 1.90 to 2.51 square feet. The 
slope of the mean line through the data yields a value for the thrust 
coefficient Cp of 0.98. This thrust correlation may be used in con- 
junction with engine pumping ■ characteristics to predict the jet thrust 
of the engine at any operating condition where sonic flow exists in the 
exhaust nozzle. 


Combustion efficiency . - Combustion efficiency of several engines 
has been shown to generalize with the empirical parameter pt/v (ref. 6). 
However, the parameter 2*^9 is used herein because it is proportional 
to pt/V (ref. 7) and is more convenient for calculation purposes. The 
variation of combustion efficiency with Wg 2'^9 is presented in figure 9 
for all the Reynolds number indices and exhaust -nozzle areas included in 
this investigation. The combustion efficiency obtained from figure 9 can 
be used together with engine air flow and pumping characteristics to cal- 
culate the engine fuel requirement as shown in appendix C . 


Performance Calculated from Generalized Data 

Performance maps . - Over-all engine performance was calculated from 
generalized data for a fli^t Mach number of 0.7 and altitudes of 15,000, 
35,000, and 50,000 feet assuming RACA standard flight conditions. These 
calculations included the four exha\jst nozzles investigated and are pre- 
sented in the form of performance maps in figure 10. Performance maps 
are defined by the relation between exhaust-gas total ten^ierature and 
engine speed for selected values of exhaust-nozzle area, net thrust, and 
specific fuel consuii 5 )tion. These maps not only afford a convenient 
method of presenting a large amount of data but also show the location 
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of specific-fuel-consumption contours. Because the total variation in 
specific fuel consumption was small for this engine at a given flight 
condition^ the precise location and shape of the contours is uncertain. 
Although the 2.07-square-foot exhaust nozzle gave minimum specific fuel 
consumption, it can he seen that the use of the rated exhaust nozzle 
( 1.97 sq ft) would result in operation very close to the minimun through- 
out the range of Reynolds nimiber indices investigated. 

Altit ude performance . - Data for the altitude performance were cal- 
culated from the generalized performance data for the rated exhaust noz- 
zle at altitudes from sea level to 55,000 feet, flight speeds from zero 
to 1100 knots, and engine speeds from 7000 to 8300 ipm. These charts 
(fig. 11 ) show the variation of net thrust with the true air speed at 
each altitude. Superimposed are lines of constant engine speed, fuel 
flow, and air flow. The hipest flight speed on each chart corresponds 
to the flight Mach number at which the limiting compressor inlet temper- 
ature (Tg = 2000 p) is reached. In addition, there is a line on each 
chart corresponding to the engine speed at which the exhaust gas reached 
an average total teirgjerature of 1166^ F. The sea-level performance 
chart (fig. 11(a)) shows for zero ram and rated conditions that the en- 
gine used for this investigation produced approximately 7700 pounds of 
thrust with about 123 pounds per second of air flow and a specific fuel 
consumption of 0.91 pound per hour per pound of thrust. 


SUMMARY OF RESULTS 

The over- all performance of the J65-B3 turbojet engine was deter- 
mined over a range of Reynolds number indices from 0.8 to 0.2 and 
exhaust -nozzle areas from 1.90 to 2.51 square feet. With the rated ex- 
haust nozzle ( 1.97 sq ft), the sea-level static performance of the en- 
gine operating at rated speed was: thrust, 7700 pounds} air flow, 123 

pounds per second} and specific fuel consumption, 0.91 pound per hour 
per pound of thrust . 

The variation of specific fuel consumption with both exhaust -nozzle 
area and engine speed was small for a particular flight condition. The 
use of the rated exhaust nozzle pemitted operation close to the point 
of minimum specific fuel consumption for a wide range of flight 
condit ions . 

At a constant corrected engine speed and exhaust-nozzle area, de- 
creasing Reynolds number index from 0.8 to 0.2 resulted in an increase 
in engine total -pres sure and -temperature ratios of 4 and 8 percent, 
respectively. Within the range of variables included in this investiga- 
tion, no consistent variation of corrected air flow with either Reynolds 
number index or exhaust -nozzle area could be detected. 
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The engine was operated with the rated exhaust nozzle at a 
Mach number of 0.8 up to a facility limit encountered at 75,000 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, March 9, 1955 
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APPERDIX A 
SXMBOIfi 

The follo-wlug symbols are used in this report; 
area, sq ft 
flow coefficient 

thrust coefficient - ratio of scale jet thrust to ideal jet 
thrust (product of ideal mass flow and ideal effective 
velocity! 

thermal expansion coefficient 
jet thrust, lb 
net thrust, lb 
fuel -air ratio 

acceleration due to gravity, 32.2 fty/sec^ 

enthalpy, Btu/lb 

Mach number 

engine speed, arpm 

total pressure, Ib/sq ft abs 

static pressure, Ib/sq ft abs 

gas constant, 53.3 ft-lb/(lb) (9 r) 

Reynolds nuiriber index, -y/O 
total temperature, 
static temperature, ^ 
velocity, ft/sec or Isnots 
air flow, Ib/sec 
fuel flow, Ib/hr 
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X ratio of specific heats 

8 ratio of total pressure to NACA standard sea-level static pressure 
combustion efficiency 

6 ratio of total temperatiire to NACA standard sea-level static 

temperature 

Subscripts; 

0 free stream 

1 engine inlet duct 

2 conqpressor inlet 

3 compressor outlet 

4 turbine inlet 

5 turbine outlet 

9 exhaust -nozzle inlet 

cr critical 

f fuel 

i ideal 

n exhaust nozzle 

ob overboard 

s scale 
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APPENDIX B 


GENERALIZED DATA 

Air flow. - Engine inlet air flow was determined from the sum of 
exhaust-nozzle-exit weight flow, engine fuel flow, and compressor over- 
board air flow: 



where r was deteiroined from fuel-air ratio and Tg as described in 
reference 8 . The exhaust -nozzle flow coefficients were taken from 
reference 2 . 

Combustion efficiency. - Combustion efficiency was defined as the 
ratio of the actual to ideal enthalpy rise across the engine: 



Am + B 

The term — — ^ accounts for the difference between the enthalpy of 

carbon dioxide and water vapor in the burned mixtxore and the enthalpy 
of the oxygen removed from the air by their formation (ref. 9). 

Scale ,1et thrust. - Jet thrust was determined from an algebraic 
summation of the forces acting on the engine. Because the bellmouth 
was attached to the front bulkhead instead of the engine inlet duct 
(fig. 2 ), the force due to the momentum of the inlet air was included: 

^j,s = ^d ^1 ^seal^Pl " ^^tank^ 

where is the force due to the null-type balance and -^seal the 

0 ff 0 Q^lv'e area of the inlet duct at station 1 . 

Performance Maps 

True air speed. - Ti*ue air speed was calculated from the total and 
static pressures and temperatures corresponding to each flight condition 
assuming no inlet total -pres sure loss: 
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pumpi-ng character 1st; ic s j air flov^ and fuel flow . - Engine ■to'tal- 
pressure and -temperature ratios were determined from plots of these 
parameters against corrected engine speed for the four exhaust nozzles 
and three Reynolds number indices investigated. 

Engine inlet air flow was obtained by "uncorrecting" values read 
from figure 5, 

Fuel flow was determined from plots of corrected fuel flow against 
corrected engine speedy because the flight conditions selected for the 
performance maps closely approximated the conditions at which the data 
were obtained. 


Thrust. - Jet thrust was calculated from the exhaust -nozzle pressure- 
drop parameter: 

Fj = A^Cp(l.26 Pg - Pq) 


The measured exhaust -nozzle thrust coefficients tabulated as follows 
were used: 


Exhaust- 

Thrust 

nozzle 

coefficient 

area. 


sq. ft 


1.90 

0.97 

1.97 

.98 

2.07 

.98 

2.51 

.98 


Net thrust is defined as the change in momentum imposed on the 
working fluid by the engine: 


Fn = F; 


W, 


^ Vr 


Altitud e performance . - The calculation of true air speed, air flow, 
and engine pumping characteristics was the same for the altitude perform- 
ance and performance maps . 
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Fuel flow . - The fuel requirement of the engine was determined from 
the following relation: 

fi • 

s — 3600 % 2 

The ideal fuel-air ratio was obtained from references 9 and 10 and is 
presented in figure 12. Engine combustion efficiency was obtained from 
figure 9. 

Thrust. - Jet thrust was calculated as follows: 




,2 " ^a , ob 


+ Wf) 


^n " Po^ 


This equation was solved using the method of reference 8 and an effective 
velocity coefficient of 0.99. 
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APPENDIX C 
NUMERICAL EXAMPLES 

To illustrate the method of obtaining engine performance from gen 
eralized data, the following n\mierical exan 5 )les are presented; 


Case I 


For the case when engine speed and exhaust-nozzle area are known, 
sea-level static operation of the engine at rated engine speed with the 
rated exhaust -nozzle area was selected. The following are known; 


N = 8300 rpm 

A = 1.97 sq ft 
n 

Pg = 2116 Ib/sq ft abs 
pQ = 2116 Ib/sq ft abs 
Tg = 519° R 
tQ = 519° R 


The following may be calculated: 

= 1 
6g ^ 1 

Pg(T2 + 216) 

Re . =* P — 

1 5.774: Tg^ 

N/*^/0 =“ 8300 rpm 

Vq =* MV^"to » 0 


1.0 



122.5 Ib/sec 


^a,2 “ 122.5 Ib/sec 


From figure 5; 


14 


mCA RM SE55C08 


From figure 6 the pumping characteristics at a Reynolds number index of 
0.4 are: 


P 9 /P 2 » 2.315 


T9/T2 = 3.22 


The pumping characteristics can now be adjusted for Reynolds number 
effects using figure 7: 


(^97^2^6^=! 

(P3/^2)Re^=0.4 


= 0.99 


(^9/^2)Re^=»1.0 

(^9A2^Rei=0.4 


Then; 

C^’9/P2)Rej^=l == 2.315 x 0.99 = 2.29 

(V^2W.=l = 2-22 0-976 = 3.14 

1 

and 

Pg = 2.29 X 2116 =s 4846 Ib/sq ft abs 
Tg = 3.14 X 519 = 1629° R 

Jet thrust can be obtained from figure 8 as follows; 






- 1.26 Pg - Pq 

1.97 X 0.98(1.26 X 4846 - 2116) 
=: 7700 lb 


Ret thrust; 


W, 


F » F. - 
n J 


,^;,2 V 


0 


7700 lb 
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To calculate the fuel requirement of the engine, the following 
steps are necessary; 

The ideal fuel-air ratio from figure 12 is fjL ” 0.0157 

From figure 9, the combustion efficiency is t)i^ a 0.99 

Dividing the ideal fuel-air ratio hy combustion efficiency to ob- 
tain the actual fuel -air aratio gives: 


0.0157 

0.099 


0.0159 


Then: 


= f X X 3600 

= 0.0159 X 122.5 x 3600 “ 7012 Ib/hr 


The specific fuel consumption can then be determined as 


% ^ 7012 
F^ 7700 


0.91 


Case II 

For the case when engine speed and turbine -discharge temperature 
are known, the calculation procedure is identical to Case I except for 
the method of determining pumping characteristics. To illustrate this 
difference, the following conditions were selected: 

Pg = 1656 Ib/sq ft abs 

Tg = 511° R 

Tg = 1625° R 

N = 8300 rpm 

The following may be calculated: 

“ 8350 rpm 
T 9 /T 2 = 3.18 
Re^ =» 0.8 


I 
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Engine temperature ratio can "be adjusted to a Reynolds number index 
of 0.4 using figure 7; 



Re ^=0,4 


5.18 

0.976 


= 3.26 


Entering figure 6 •with corrected engine speed and the adjusted tem- 
peratixre ratio gives: 

(Pq/Po) - 2.335 

^'Re^_=0.4 


An = 1-97 


The engine total -pres sure ratio can he adjusted for Reynolds number 
effects lising figure 7: 

(l'9/Pa)Rei=0.8 = 2-335 x 0.99 = 2.32 
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TABLE I. 


COMPONENT PERFORMANCE OP J65-B3 TURBOJET ENGINE 




Engine - 
Inlet 
Reynolds 
nurol)er 
index,, 
Re^ 

Inlet 

total 

pressure, 

?2' 

lb 

Inlet 

;otal 

:emper- 

ature, 

%’ 

Engine- 

exhaust- 

ambient 

aresBure, 

Po' 

lb 

Dofnpreaaoiw 
outlet 
total 
pressure , 

if’ 

^oopreasoik 
outlet 
total 
temper- 
ature , 

k 

Turbine- 

inlet 

total 

pressure, 

^4' 

lb 

Purbine- 

Inlet 

total 

temper- 

ature, 

^ 4 * 

°R 

Turbine - 
outlet 
total 
areaaure, 

Ps. 

lb 

:xhauat>- 

nozzle 

Inlet 

total 

temper- 

ature, 

% 

Exhaust- 

nozzle 

inlet 

total 

pressure, 

^9* 

lb 

Engine- 
inlet 
air 
flow, 
Ma 2* 

Ib/aec 

)ver- 

board 

air 

flow, 

Wa,ob» 

Ib/sec 

Combus-I 
tor ' 
effi- 
ciency. 

Ehiel 

flow, 

Wf, 

Ib/hr 

Engine 

speed, 

N, 

rpm 

Scale ' ' 
Jet 

thrust 

lb 

sQ ft abs 

sq ft ats 

sq ft abs 

sq ft aba 

aq ft aba 

sq ft abs 






Exhaust nozzle area. 

1.90 aq ft 










537 

801 

4,858 

765 

4,646 

1007 

1746 

861 

1667 

56.27 

0.90 

0.955 

860 

5978 

2395 ' 


1766 

537 

803 

5,895 

602 

5,631 

1258 

2121 

1001 

2048 

63.21 

.99 

.977 

1415 

6357 

3242 


1750 

537 

808 

6,026 

806 

5,760 

1277 

2158 

1016 

2087 

63.95 

1.02 

.975 

1483 

6387 

3416 


1729 

530 

781 

6,637 

820 

6,346 

1377 

2387 

1100 

2309 

67.78 

1.00 

.989 

1856 

6597 

3936 

.796 

1761 

537 

804 

7,241 

846 

6,934 

1460 

2605 

1167 

2541 

72. 4p 

1.11 

.997 

2185 

6779 

4349 

.802 

1729 

527 

787 

7,312 

838 

6,999 

1464 

2622 

1170 

2543 

72.21 

1.02 

.977 

2221 

6796 

4416 

.793 

1754 

537 

807 

8,520 

668 
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TABLE I. 


Concluded. COMPONENT PERFORMANCE OP J65-B3 TURBOJET ENGINE 
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Figure 1. - J65-B3 Turbo Jert engine in altitude test chamber. 
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Figure 2. - Schematic diagram of engine showing Instrumentation stations. 
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Figure 3 . - Minimum corrected engine speed at which exhaust nozzle may be 
considered fully choked. 
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Figure 5. - Variation of corrected air flow with corrected engine speed for Reynolds number indices from 0.8 
to 0.2 and exhaust-nozzle areas from 1.90 to 2.51 square feet. 
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Figure 6. - Engine pumping characteristics at an inlet Reynolds number index of 0.4 
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Figure 7. - Effect of Reynolds number index on 
engine pumping characteristics. 
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Figure 8, - Correlation of Jot thrust for Reynolds numher I n dices from 0.8 to 0.2 and 
exhaust-nozzle areas from 1.90 to 2.51 square feet. 
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Figure 9. - Correlation of combustion efficiency for Reynolds number indices from 0.8 to 0.2 and 
exhaust-nozzle areas from 1.90 to 2.51 square feet. 
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(a) Altitude, 15,000 feet. 

Figure 10. - Engine performance maps. Flight Mach number, 0.7. 
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(h) Altitude, 35,000 feet. 

Figure 10. - Continued. Engine performance maps. Flight Mach momher, 0.7. 
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(a) Altitude, sea level. 


Figure 11. - Altitude performance calculated from pimqping 
characteristics for rated exhaust-nozzle area. 
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(c) Altitude, 15,000 feet. 


Figure 11. - Continued. Altitude performance calculated from 
pumping characteristics for rated exhaust -nozzle area. 
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(d) Altitude^ 25,000 feet. 


Figure 11. - Continued. Altitude performance calculated from pumping 
characteristics for rated exhaust -nozzle area. 
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(e) Altitude, 35,000 feet. 


Figure 11. - Continued. Altitude performance cad.culated from pimiping 
characteristics for rated exhaust -nozzle area. 
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(f) Altitude, 45,000 feet. 



(g) Altitude, 55,000 feet. 


Figure 11. - Concluded. Altitude performance calculated from pumping 
characteristics for rated exhaust -nozzle area. 
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Figure 12. - Ideal fuel-a:r ratio as a function of engine temperature rise. 
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